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a b s t r a c t 
Introduction: Geriatric patients have a high risk of poor outcomes after trauma and is a rapid-increasing 
group within the trauma population. Given the need to ensure that the trauma system is targeted, ef- 
ficient, accessible, safe and responsive to all age groups the aim of the present study was to explore 
the epidemiology and characteristics of the Norwegian geriatric trauma population and assess differences 
between age groups within a national trauma system. 
Materials and methods: This retrospective analysis is based on data from the Norwegian Trauma Reg- 
istry (2015-2018). Injury severity was scaled using the Abbreviated Injury Scale (AIS), and the New Injury 
Severity Score (NISS). Trauma patients 16 years or older with NISS ≥9 were included, dichotomized into 
age groups 16–64 years (Group 1, G1) and ≥65 years (Group 2, G2). The groups were compared with re- 
spect to differences in demographics, injury characteristics, management and outcome. Descriptive statis- 
tics and relevant parametric and non-parametric tests were used. 
Results: Geriatric patients proved to be at risk of sustaining severe injuries. Low-energy falls predom- 
inated in G2, and the AIS body regions ‘Head’ and ‘Pelvis and lower extremities’ were most frequently 
injured. Crude 30-day mortality was higher in G2 compared to G1 (G1: 2.9 vs. G2: 13.6%, P < 0.01) and 
the trauma team activation (TTA) rate was lower (G1: 90 vs. G2: 73%, P < 0.01). A lower proportion of 
geriatric patients were treated by a physician prehospitally (G1: 30 vs. G2: 18%, [NISS 15–24], P < 0.01) 
and transported by air-ambulance (G1: 24 vs. G2: 14%, [NISS 15–24], P < 0.01). Median time from alarm to 
hospital admission was longer for geriatric patients (G1: 71 vs. G2: 78 min [NISS 15–24], P < 0.01), except 
for the most severely injured patients (NISS ≥25). 
Conclusion: In this nationwide study comparing adult and geriatric trauma patients, geriatric patients 
were found to have a higher mortality, receive less frequently advanced prehospital treatment and trans- 
portation, and a lower TTA rate. This is surprising in the setting of a Nordic country with free access 
to publicly funded emergency services, a nationally implemented trauma system with requirements to 
pre- and in-hospital services and a national trauma registry with high individual level coverage from all 
trauma-receiving hospitals. Further exploration and a deeper understanding of these differences is war- 
ranted. 
© 2020 The Authors. Published by Elsevier Ltd. 
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1] . To reduce avoidable death and disability, it is essential to have 
ell-prepared systems with adequate distributions of resources, 
nowledge, and personnel [2,3] . Trauma systems are obliged to 
ontinuously improve quality and patient safety and in this respect 
pidemiological studies are important to identify high-risk popu- 
ations which preventive measures can be directed towards [4,5] . 
everal mature trauma systems experience a demographic tran- 
ition into older populations, and the impact of geriatric trauma 
s already showing [6-9] . Adaptation to ongoing changes in the 
rauma population is one of the major challenges for modern, 
volving trauma systems [10] . 
In the UK, a study from the Trauma Audit and Research Net- 
ork (TARN) demonstrated that the proportion of trauma patients 
bove 75 years of age had increased from 8.1% in 1990 to 26.9% 
n 2013 [11] . Fröhlich et al. recently demonstrated that severely in- 
ured geriatric trauma patients in the TraumaRegister DGU were 
verrepresented compared to the general German population [12] . 
he global population is ageing [13] and the European Union pre- 
icts an increase of inhabitants aged 65 years and above from 101 
illion in 2018 to 149 million by 2050 [14] . As a consequence, the
urden of geriatric trauma is uniformly expected to increase. 
Multiple studies have found geriatric patients to be vulnera- 
le within the trauma system, prone to poor outcomes. Compared 
ith younger patients with similar injury severity, geriatric pa- 
ients have a higher mortality and morbidity, a lower trauma team 
ctivation rate, higher complication rates, and high risk of a poor 
unctional outcome [6,15-21] . In addition, decreased transfer like- 
ihood [22] , and low trauma center utilization has been found [7] . 
owever, improvements in outcome is achievable, as demonstrated 
y a Norwegian study by Ringen et al. which assessed the mor- 
ality for geriatric patients in an evolving trauma system over 12 
ears. They found a general survival benefit, with an OR of 0.77 
f admitted in the second half of the time period, possibly due to 
ultifactorial improvements over time [23] . 
Geriatric patients are characterized by having limited physi- 
logic reserves and a high incidence of comorbidity, frailty and 
olypharmacy [17,24] which can influence the clinical presentation 
fter injury to appear within normal range and preclude the triage 
ecision [25,26] . Field triage algorithms for trauma seek to use all 
vailable information about physiological parameters, anatomic in- 
ury, mechanism of injury and certain special considerations, yet 
lder patients are consistently found to have a high risk of under- 
riage to trauma centers and trauma team admissions [19,27,28] . 
ven when meeting field triage criteria, geriatric patients are less 
ikely to be admitted to a trauma hospital [29] . 
Norway has a population of 5.4 million people [30] , of which 
pproximately 12% are 70 years or older, projected to be 20% by 
060 [31] . It is a high-income country with a publicly funded 
ealth care system and a population localized in a mix of ur- 
an and rural areas with long geographic distances. Approximately 
ighty-six percent of the population lives in central areas, defined 
y proximity to workplaces and services [32] . A nationwide trauma 
ystem is implemented [33] , describing uniform requirements to 
ll ambulance services and trauma-receiving hospitals. Four level I 
r II equivalent trauma centers (TC) and 34 local acute care trauma 
ospitals (ACTH), equivalent to level III TCs [4] , receive trauma pa- 
ients. All these hospitals deliver data to the Norwegian Trauma 
egistry (NTR) which has a high coverage on hospital and patient 
evel [34] . Rehabilitation services are offered both within special- 
zed centers and in nursing homes in local communities. 
Improvement in trauma care requires detailed knowledge of 
he epidemiology of trauma, patient demographics, interventions, 
linical outcomes, and the patient’s journey throughout the com- 
lete treatment chain [35,36] . New knowledge about the rapid- 
ncreasing and vulnerable geriatic trauma population is necessary 
o ensure that the system of trauma care is targeted, efficient, ac- 2 essible, safe and responsive to all age groups. Given the lack of 
nowledge about this population in Norway, our aim was to de- 
cribe the Norwegian geriatric trauma population by assessing dif- 
erences in demographic and epidemiological characteristics be- 
ween age groups, as well as describing injury characteristics and 
utcomes with data from the NTR. 
ethods 
tudy design and data sources 
A retrospective cohort study of all trauma cases in Norway be- 
ween January 1, 2015 and December 31, 2018 was performed, us- 
ng NTR data. The protocol for this study was published in advance 
37] . 
tudy sample 
All trauma-receiving hospitals (40 hospitals in the study pe- 
iod) delivered data to the Norwegian Trauma Registry from all 
arts of the treatment chain; from the pre-hospital phase through 
mergency department, critical care unit (CCU) and rehabilitation 
hases. Patients who meet the following inclusion criteria are reg- 
stered: Admitted through trauma team activation (TTA), admitted 
ithout TTA but found to have penetrating injuries to head, neck, 
orso, or extremities proximal to knee or elbow, head injury with 
bbreviated Injury Scale (AIS) ≥3 or New Injury Severity Score 
NISS) > 12 [34] . An estimated 95% of patients who meet these cri- 
eria are included in the registry [34] . Patients declared dead be- 
ore hospital arrival after initiation of prehospital management do 
lso meet the inclusion criteria, but because of inadequate infor- 
ation, the registry has low coverage of those who die at the in- 
ury site. Fifty percent of the hospitals identified undertriaged pa- 
ients, and among these are all the largest hospitals, covering the 
ajority of patient volume [34,38] . 
Data collection is based on the Utstein template and includes 
etailed information on demographics, injury characteristics, co- 
orbidities, pre- and in-hospital management and interventions 
nd outcomes [39] . Injuries are coded by Association for the Ad- 
ancement of Automotive Medicine (AAAM) certified registrars ac- 
ording to the AIS manual version 2005, update 2008 [40] . The AIS 
ethodology assigns a code to all injuries which designates body 
egion and injury severity, ranging from 1 (minor) to 6 (maximum 
nd currently untreatable). This is in turn used to calculate the 
ISS by summarizing the square of the three highest AIS severity 
cores irrespective of body region [41] . 
The study population was dichotomized by age into ‘Group 1, 
1’ aged 16–64 years and ‘Group 2, G2’ aged 65 years and above. 
re-specified sub-categories were defined as age-intervals 65–74, 
5–84, and ≥85 years [37] . NISS was grouped into intervals (9–14/ 
5–24/ ≥25) in accordance with the AIS severity description [40] . 
or analysis of proportion of severe injuries (AIS ≥3) according to 
njury locations, patients with multiple injuries in the same body 
egion was counted only once for each region. 
Patients aged 16 years or more with NISS ≥9 registered in the 
TR between January 1, 2015 and December 31, 2018 were in- 
luded. Patients with missing information about age or AIS were 
xcluded, mainly patients with foreign residency. 
orwegian Trauma Registry variables 
We collected data on age, gender, pre-injury physical status 
s defined by the American Society of Anesthesiologists physical 
tatus classification system (PPS-ASA) [42,43] , injury location, AIS, 
ISS and mechanism of injury (MOI), trauma team activation (TTA), 
ode of transportation, highest level of prehospital care, discharge 
M. Cuevas-Østrem, O. Røise, T. Wisborg et al. Injury xxx (xxxx) xxx 
ARTICLE IN PRESS 
JID: JINJ [m5G; December 16, 2020;20:57 ] 
Table 1 
Overview of data item operationalization from original NTR variable. 
Data item New categories 
ASA ASA 3 and 4 = ASA 3 ∗ . ASA 4 = 0.9% of the study population. 
Place of injury, utilizing 
Centrality Index of Norway 
Category 1–4: “Urban Norway”. Category 5 and 6: “Remote Norway”
Discharge destination from 
definitive care 
“CCU (higher treatment level)” and “CCU (same level of care)” = “CCU”. 
Mechanism of injury “Traffic: Other” and “Explosions” merged with “Other”. 
Type of transportation Fixed- and rotor-wing merged to “Air ambulance”. Fixed-wing = 0.6% of the study population. “Private/public vehicle”, “walk-in”
and “police” merged with “Other”. 
Highest level of 
prehospital care provider 
“Level I: No field care” = “Other”. “Level II: Basic Life Support” and “III: Advanced Life Support, no physician 
present” = “Ambulance personnel-led care”. 
Highest level of in-hospital 
care 
“Emergency department” and “Operating Theatre” merged with “Other”. “High dependency unit” and “Critical care unit” merged. 


















































































estination and 30-day mortality. Data on mortality appear in two 
ifferent variables: 30-day mortality and Discharge destination; In- 
ospital mortality. The latter represents patients who die before any 
ischarge disposition could be made, while 30-day mortality in- 
lude all deaths occurring within 30 days, irrespective of where it 
appened. Low-energy falls (LEF) are defined as falls from stand- 
ng or less than 1 m height, and high-energy falls (HEF) as falls 
rom > 1 m height, with emphasis on the total amount of energy 
nvolved, not strictly restricted to meters. 
Seven data items were re-categorized from its original NTR defi- 
ition ( Table 1 ). An overview of the original categories of each vari-
ble is presented elsewhere [39,44] . Each score component has a 
ategory for “unknown” information which was analyzed as “miss- 
ng”. There were no missing data for transfer status or definitive 
are . Other variables had less than five percent missing data, ex- 
ept from type of transportation (6.4%), highest level of prehospi- 
al care provider (10.1%), and time from alarm to hospital arrival 
17.9%). The distribution of missing data was significantly different 
etween Group 1 and Group 2 for the latter two variables. No im- 
utation was performed. 
Injury location was registered on municipality level and 
apped to the Centrality Index of Norway (CIN), a continuous vari- 
ble which is grouped into six categories, from highest (1) to low- 
st (6) centrality [32] . These categories are based on the number 
f workplaces and service industries available within a 90-minute 
rive. The capital, Oslo, and its surrounding municipalities, are cat- 
gory 1, all the second largest cities in Norway are category 2, the 
urroundings to these cities and regional towns are category 3 and 
, and rural municipalities are category 5 and 6. 
Data on the age distribution of the adult Norwegian population 
as obtained from Statistics Norway for the years of the study pe- 
iod (2015–2018). 
tatistics 
Data is reported as numbers and percentages for categorical 
ariables and continuous variables are presented as means and 
tandard deviations (SD) or medians and interquartile range (IQR). 
ifferences between age groups were evaluated with Pearson’s chi- 
quared test or Mann-Whitney U test for categorical data. For con- 
inuous variables with large sample sizes, non-normal distribution, 
nd unequal variances, the Welch’s t -test was performed. A P value 
 0.05 (two-tailed) was considered to be statistically significant. 
nalyses were performed using SPSS v.25 (IBM Corp., Armonk, NY, 
SA). 
A sensitivity analysis was performed, assessing differences in 
0-day mortality and TTA between age groups stratified by injury 
everity, after excluding patients with significant comorbidity (ASA 
–4) and those with highest age ( ≥85 years). 3 thical considerations 
All patients receive written information about the registry, in- 
luding the opportunity to access the data recorded and to deny 
egistration. De-identified data was extracted. The study was ap- 
roved by the Oslo University Hospital data protection officer (No. 
9/16,593). 
esults 
A total of 11,403 patients met the inclusion criteria (Appendix 
), of which 7668 (67%) were 16–64 years of age (Group 1) and 
735 (33%) were 65 years or above (Group 2). Demographic data 
re presented in Table 2 . The median age was 43 years (IQR 28–
4) in Group 1 and 76 years (IQR 70–84) in Group 2. The majority 
f patients were men (77% of Group 1, 60% of Group 2), except 
n the age-intervals with highest age ( ≥85 years), where female 
atients dominated ( Fig. 1 ). In Group 1 the median ASA score was
ignificantly lower than in Group 2 (1 [IQR 1–2] vs. 2 [IQR 2–3]). 
he proportion of injuries happening in urban areas did not differ 
etween the groups. 
Patients 65 years and above constituted 33% of the study co- 
ort but only 16.5% of the Norwegian population ( Fig. 2 ). This over-
epresentation of patients with severe trauma is seen from age 48 
ears, as well as from 16 to 23 years, while young adults (24–45 
ears) show a decreased risk of severe injuries. 
njury characteristics 
Blunt trauma was significantly more prevalent in Group 2 than 
n Group 1 (98% vs. 94%), as demonstrated in Table 3 . 58% of all
atients in Group 2 had a NISS of ≥15, significantly higher than 
3% in Group 1. The median NISS was 17 in both age groups. 
Injury mechanisms are presented by age categories in Fig. 3 , 
ith underlying numbers presented in Appendix 2. The prevalence 
f low-energy falls ranged from 5% among patients aged 16–24 
ears to over 60% among patients ≥85 years. The three most fre- 
uent mechanisms of injury in Group 1 were high-energy falls 
28%), motor vehicle injuries (17%) and bicycle injuries (12%), com- 
ared to low-energy falls (40%), high-energy falls (29%) and motor 
ehicle injuries (13%) in Group 2. Among all ages, high-energy falls 
eaked in age group 65–74 years (35%) before it decreased with 
ncreasing age. Traffic-related injuries accounted for 44% of all in- 
uries in the 35–44 years age interval, decreasing with increasing 
ge. Two peaks of motor vehicle injuries were found; one in age 
nterval 16–24 years, the second in age interval 75–84 years. 
The AIS body regions head, thorax, and pelvis and lower ex- 
remities were the most frequently severely injured body regions 
n all age intervals ( Fig. 4 ). Geriatric patients had higher propor- 
ions of severe head and pelvis or lower extremity injuries com- 
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Table 2 
Demographic characteristics of the two age groups. 
Group 1 Group 2 
16–64 years, n = 7668 (67%) ≥65 years, n = 3735 (33%) P-value 
Median age 43 (28–54) 76 (70–84) NP 
Male sex, n (%) 5913 (77.1) 2246 (60.1) < 0.01 
Preinjury ASA physical status a, median (IQR) 1 (1–2) 2 (2–3) < 0.01# 
ASA 1 5177 (69.7) 804 (22.2) < 0.01 
ASA 2 1820 (24.5) 1620 (44.8) 
ASA 3 ∗ 432 (5.8) 1191 (32.9) 
Place of injury b 0.18 
Urban Norway 6033 (83) 3009 (84.1) 
Remote Norway 1233 (17.0) 571 (15.9) 
Abbreviations: IQR, inter quartile range; NP, not performed; ASA, American Society of Anesthesiologists. 
#Mann-Whitney U test. 
ASA 3 ∗ includes 21 (G1) and 81 (G2) patients with ASA 4. 
Missing data for G1 and G2 , respectively: a ASA: 3.1% and 3.2%. b Place of injury: 5.2% and 4.1% . 


































ared to younger age groups. Underlying numbers are presented 
n Appendix 3. 
evel of care 
Outcome and level of care stratified by injury severity and age 
roup are presented in Table 4 . The proportion of patients in Group 
 receiving physician-led care ranged from 13 to 28% with increas- 
ng injury severity, compared to 22 to 47% in Group 1. The rate 
f air ambulance transports (Group 2: 10 to 19% vs. Group 1: 16 
o 33%) was significantly lower in all injury severity subgroups. 
rauma team activation rate was significantly lower for patients in 
roup 2 within all injury severity groups, ranging from 71 to 79%, 
ompared to 86 to 92% in Group 1. Crude 30-day mortality was 
ignificantly higher in Group 2, both when stratified by age (2.9 vs. 
3.6%, Table 3 ) and injury severity ([NISS 9–14]: 0.3 vs. 6.1%, [NISS 
5–24]: 0.7 vs. 7.7%, Table 4 ). The results of the sensitivity analysis 
emonstrated diminished differences after excluding patients with 
SA 3-4 or age ≥85 years, but still significant in the most severely 
njured group ( Table 5 ). 4 Patients in Group 2 with NISS ≥15 or NISS ≥25 were to a sig- 
ificantly lesser extent transferred to a TC from an ACTH com- 
ared with patients in Group 1. The proportions of patients receiv- 
ng definitive care at a TC are also significantly lower for Group 2 
atients in all injury severity groups. The mean time from alarm 
o hospital arrival was significantly longer for patients in Group 2 
ith a NISS < 25, however for the most severely injured, the mean 
ime was similar between Group 1 and Group 2. There was a sig- 
ificant difference in discharge destination ( Table 3 ), where 60% 
f patients in Group 1 was discharged home from definitive care, 
ompared to 38% of patients in Group 2. The proportion of patients 
ischarged to “Nursing home” was significantly higher in Group 2 
20.5%) than in Group 1 (4%), rising with increasing age to 40% for 
hose 85 years and above. 
iscussion 
The aim of this study was to describe the Norwegian geriatric 
rauma population by assessing differences in demography, epi- 
emiology, outcome and level of care between age groups, as well 
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Fig. 2. The age distribution of trauma patients in the study cohort (solid line) demonstrates an increased risk of trauma from age 16–23 and from age 48. The dotted line 
displays the average age distribution of the Norwegian population in 2015 to 2018. 
Table 3 
Injury characteristics and outcome by age. 
Group 1: 16–64 years, 
n = 7668 (67%) 
Group 2: ≥65 years, 
n = 3735 (33%) P-value 
65 – 74 years, 
n = 1678 (45%) 
75 – 84 years, 
n = 1178 (32%) 
≥ 85 years, 
n = 879 (23%) 
Dominating type of 
injury a , n (%) 
< 0.01 
Blunt 7053 (94.2) 3570 (98.3) 1582 (97.6) 1135 (99.0) 853 (98.6) 
Penetrating 432 (5.8) 63 (1.7) 39 (2.4) 12 (1.0) 12 (1.4) 
New Injury Severity 
Score, n (%) 
< 0.01 
9–14 3637 (47.4) 1560 (41.8) 688 (41.0) 475 (40.3) 397 (45.2) 
15–24 2226 (29.0) 1215 (32.5) 561 (33.4) 401 (34.0) 253 (28.8) 
≥25 1805 (23.5) 960 (25.7) 429 (25.6) 302 (25.6) 229 (26.1) 
Median (IQR) 17 (12–22) 17 (12–25) < 0.01# 17 (12–25) 17 (13–25) 17 (13–25) 
Trauma team 
activation b , n (%) 
< 0.01 
Yes 6832 (89.8) 2711 (73.3) 1353 (81.4) 836 (71.6) 522 (60.0) 
No 773 (10.2) 989 (26.7) 310 (18.6) 331 (28.4) 348 (40.0) 
Discharge destination 
from definitive care c , 
n (%) 
< 0.01 
Home 4564 (60.1) 1412 (38.2) 824 (49.6) 418 (35.8) 170 (19.5) 
Rehabilitation 581 (7.6) 212 (5.7) 117 (7.0) 61 (5.2) 34 (3.9) 
In-hospital mortality 198 (2.6) 351 (9.5) 75 (4.5) 113 (9.6) 163 (18.7) 
Critical care unit 751 (9.9) 363 (9.8) 192 (11.6) 123 (10.5) 48 (5.5) 
Somatic hospital ward 1200 (15.8) 602 (16.3) 295 (17.8) 200 (17.1) 107 (12.3) 
Nursing home ∗ 303 (4.0) 758 (20.5) 158 (9.5) 252 (21.6) 348 (40.0) 
30-day mortality c , n 
(%) 
< 0.01 
Dead 215 (2.9) 500 (13.6) 97 (5.9) 161 (13.9) 242 (27.8) 
Alive 7270 (97.1) 3166 (86.4) 1542 (94.1) 997 (86.1) 627 (72.2) 
Abbreviations: IQR, inter quartile range; TTA, trauma team activation. 
∗Inlcudes discharge to psychiatric institutions, prison and other [39] . 
#Mann-Whitney U . 













s describing injury characteristics. We found geriatric patients 
Group 2) to have consistently higher mortality than adult patients 
Group 1), receive less advanced prehospital treatment and trans- 
ortation, and a lower trauma team activation rate. In a country 
ith a homogeneous population, where a national trauma plan is 
mplemented and with a high coverage national trauma registry in 5 lace, there are strong reasons to believe that the findings repre- 
ent true undertriage and inferior services to geriatric patients. 
Geriatric trauma patients constituted a substantial part of the 
tudy cohort (33%) and demonstrated an increased risk of se- 
ere injury compared to the proportion geriatric patients con- 
titute in the Norwegian population (17%), as demonstrated in 
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Fig. 3. Distribution of mechanism of injury according to patient age category. 
Fig. 4. Proportion of severe injury (AIS ≥3) according to injury location (head, thorax, abdomen, spine, upper extremities and lower extremities) and age intervals. 
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Table 4 
Outcome and level of care by age group and injury severity. 
NISS 9 through 14 NISS 15 through 24 NISS 25 through 75 
16–64 years, 
n = 3640 (47.5) 
≥65 years, 
n = 1567 (41.9) P-value 
16–64 years, 
n = 2234 (29.1) 
≥65 years, 
n = 1227 (32.9) P-value 
16–64 years, 
n = 1794 (23.4) 
≥65 years, 
n = 941 (25.2) P-value 
Type of trans- 
portation , n 
(%) 
< 0.01 < 0.01 < 0.01 
Ground 
ambulance 
2734 (79.1) 1245 (84.6) 1447 (70.0) 929 (81.4) 1069 (63.7) 656 (76.0) 
Air ambulance 551 (15.9) 141 (9.6) 500 (24.2) 158 (13.8) 552 (32.9) 164 (19.0) 
Other 170 (4.9) 85 (5.8) 119 (5.8) 54 (4.7) 58 (3.5) 43 (5.0) 
Highest level 
of prehospital 
care provider , 
n (%) 
< 0.01 < 0.01 < 0.01 
Physician-led 
care 




2564 (77.1) 1201 (86.3) 1348 (68.3) 886 (80.9) 849 (51.9) 592 (71.8) 
Other 46 (1.4) 10 (0.7) 29 (1.5) 10 (0.9) 16 (1.0) 6 (0.7) 
Trauma team 
activation , n 
(%) 
< 0.01 < 0.01 < 0.01 
Yes 3334 (92.3) 1115 (71.9) 1904 (85.9) 860 (70.8) 1594 (89.7) 736 (78.8) 
No 277 (7.7) 436 (28.1) 313 (14.1) 355 (29.2) 183 (10.3) 198 (21.2) 
Transfer 
status , n (%) 
0.69 < 0.01 < 0.01 
Transferred 155 (4.3) 50 (3.2) 263 (11.8) 102 (8.3) 370 (20.6) 125 (13.3) 
Not transferred 3485 (95.7) 1517 (96.8) 1971 (88.2) 1125 (91.7) 1424 (79.4) 816 (86.7) 
Definitive 
care , n (%) 




2257 (62.1) 1018 (65.3) 1035 (46.5) 616 (50.7) 399 (22.1) 362 (37.7) 
Trauma center 1380 (37.9) 542 (34.7) 1191 (53.5) 599 (49.3) 1406 (77.9) 598 (62.3) 
30-day 
mortality , n 
(%) 
< 0.01 < 0.01 < 0.01 
Dead 10 (0.3) 93 (6.1) 16 (0.7) 92 (7.7) 189 (10.7) 315 (33.4) 
Alive 3535 (99.7) 1434 (93.9) 2152 (99.3) 1105 (92.3) 1583 (89.3) 627 (66.6) 
Highest level 
of in-hospital 
care, n (%) 
< 0.01 < 0.01 < 0.01 
General ward 665 (18.5) 368 (23.9) 274 (12.4) 202 (16.7) 67 (3.7) 94 (9.9) 
Critical care 
unit ∗
2590 (72.0) 996 (64.6) 1771 (80.1) 906 (75.1) 1644 (91.6) 815 (85.7) 






63 (39–100) 77 (48–117.5) < 0.01# 71 (43–105) 78 (47–121) < 0.01# 67 (38–105) 69 (44–105) 0.5# 
Abbreviations: NISS, New Injury Severity Score; IQR, inter quartile range. 
∗Including high dependency units [39] . 
# Unequal variances t -test. 
Missing data for G1 and G2, respectively: Type of transportation: 6.1% and 7.0%. Highest level of prehospital care provider: 9.5% and 11.4%. TTA: 0.8% and 0.9%. 
30-day mortality: 2.4% and 1.8%. Highest level of inhospital care: 0.9% and 1.0%. Time from alarm to hospital arrival: 17.5% and 19.3%. 
Table 5 
Sensitivity analysis after excluding patients with significant comorbidity (ASA 3–4) and high age ( ≥85). 
NISS 9 through 14 NISS 15 through 24 NISS 25 through 75 
16–64 years, 
n = 3390 (48.5) 
≥65 years, 
n = 838 (42.2) P-value 
16–64 years, 
n = 2035 (29) 
≥65 years, 
n = 691 (34.8) P-value 
16–64 years, 
n = 1572 (22.5) 
≥65 years, 
n = 458 (23) P-value 
Trauma team 
activation 
rate , n (%) 
3134 (92.8) 668 (79.9) < 0.01 1766 (87.0) 523 (75.8) < 0.01 1413 (90.1) 372 (81.4) < 0.01 
30-day 
mortality , n 
(%) 
≤5 13 (1.6%) NA 14 (0.7) 9 (1.4) 0.12 154 (10.3) 84 (20.1) < 0.01 
Abbreviations: NISS, New Injury Severity Score; NA, not applicable. 
Missing data for G1 and G2, respectively: TTA: 0.8% and 0.9%. 30-day mortality: 2.4% and 1.8%. 
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ig. 2 . This corresponds to findings from a recent study from the 
erman trauma registry [12] . The dominating injury mechanism 
mong geriatric patients was, not surprisingly, low-energy falls 
LEF), while for adult patients high-energy falls (HEF) or traffic- 
elated injuries predominated ( Fig. 3 ), comparable to results from 
ther studies [9,45-47] . Relevant diversity existed within the geri- 
tric group ( Fig. 3 ); with increasing age LEFs dominated, but the 
econd most prevalent MOI in Group 2 was HEF (29%), which is 
ound to commonly result from falls from ladders [48] . Other stud- 
es more frequently report motor vehicle injuries as the second 
ost frequent MOI [6,45] . Indeed, a second peak of motor vehicle 
njuries was found in the age group 75–84 years ( Fig. 3 ), reach-
ng almost the same level as age 25–34 years. Traffic-related in- 
uries overall were most prevalent at age 35–4 4 (4 4%) while in- 
uries resulting from pedestrian accidents remained stable in all 
ge groups. 
Despite the fact that geriatric patients were more often injured 
y low-energy mechanisms of trauma, we found a larger propor- 
ion of patients with NISS ≥15 in Group 2 than in Group 1 (G1: 
3 vs. G2: 58%, P < 0.01) ( Table 3 ). Further, the crude mortality was
ignificantly higher (G1: 2.9 vs. G2: 13.6%, P < 0.01) ( Table 3 ) and
he proportion of patients discharged home was significantly lower 
G1: 60 vs. G2: 38%, P < 0.01). The present and previous studies 
emonstrate that the AIS body regions ‘Head’ and ‘Pelvis and lower 
xtremity’ are most frequently severely injured (AIS ≥3) in geriatric 
atients ( Fig. 4 ) [17,45] , and traumatic brain injury is associated 
ith high mortality and poor functional outcomes [49] . This, in ad- 
ition to risk factors of poor outcomes such as age, comorbidities, 
nd use of anticoagulants [52] are factors that may explain some 
f the observed difference between adult and geriatric patients. 
Substantial differences were found in TTA rate between age 
roups, both when stratified by age and by injury severity. The 
ighest TTA rate (92%) was found in Group 1 patients with NISS 9–
4. Comparably, TTA rates from 60 to 72% were found in patients 
ged 75 years and higher, and geriatric patients had consistently a 
TA rate below 80% for all injury severity intervals. A low TTA rate 
or geriatric patients has been described previously and our results 
orrespond with these findings [19,20,28] . Sensitivity is important 
or the performance of the triage tool, however, some studies point 
o other contributing factors for undertriage of geriatric patients 
han low triage tool sensitivity: Chang et al. studied patients who 
oth met formal triage criteria and was recognized as severely in- 
ured by the EMS personnel, yet still they found an undertriage 
ate to TC of geriatric trauma patients at nearly 50% [50] . A follow-
p survey found inadequate training, unfamiliarity with protocol 
nd possible age bias to be important explaining factors [50] . An 
ustralian study by Cox et al. which retrospectively reviewed all 
rauma patients attended by a state ambulance service between 
007 and 2011 found that despite the triage tool’s ability to iden- 
ify both young and old trauma patients (undertriage rate of 4.5% 
or older patients), the likelihood of transport to a trauma hospital 
ecreased with increasing age [29] . A Norwegian study reported 
hat if field triage criteria were correctly applied, undertriage in 
 Norwegian TC could have been reduced from 10.5 to 4.0% [51] . 
ndertriage of geriatric trauma patients is a complex problem and 
mprovement efforts probably need a multifactorial approach, in- 
luding educating relevant personnel about the specific character- 
stics of geriatric trauma and a deeper understanding of the causes 
f undertriage. 
Stratification on pre-specified age-categories was used in anal- 
ses to demonstrate clinically relevant heterogeneity in Group 2. 
he proportion of patients with significant comorbidity (ASA 3–
) and female sex increased with increasing age in our material. 
atients 85 years or older and those with significant comorbid- 
ty (ASA 3–4) accounted for 47% of Group 2 and were excluded 
n a sensitivity analysis ( Table 5 ), as these characteristics are as- 8 ociated with increased mortality [52] . The differences between 
roup 1 and 2 diminished compared to the results from Table 4 , 
lthough remained statistically significant. Despite having excluded 
atient with ASA 3–4 and age ≥85 years, the TTA rate of the most 
everely injured patients (NISS ≥25) in Group 2 were almost un- 
hanged. This finding underlines the severe problems in triage of 
eriatric patients. 
Transfer rates to TCs and the proportions of patients receiving 
efinitive care in a TC show less disparity between age groups 
ompared to other variables examined ( Table 4 ). 12% of Group 
 patients with NISS 15–24 were transferred, compared to 8% of 
roup 2 patients. The proportions receiving care in a TC were 54% 
n Group 1 and 49% in Group 2 in the same NISS interval. These 
ifferences are statistically significant, however clinically they rep- 
esent a noticeable similarity of in-hospital level of care. The dif- 
erences in transfer rates were greater for the most severely in- 
ured patients (NISS ≥25) (G1: 20.6% vs G2: 13.3%, P < 0.01), and the 
eason for this may be the poor prognosis associated with high 
ge and very severe injuries [52] , where transport and continued 
are in a TC might be deemed futile. The role of withdrawal of 
ife support and patients’ or relatives’ own wish to be treated as 
ear home as possible, even if it means not being treated at the 
ecommended specialist facility, needs to be better investigated. 
ell-designed qualitative studies could probably provide a broader 
nsight of these complex processes. 
The similarities in transfer rates and treatment levels between 
ge groups contrasts with the differences in the proportions of pa- 
ients transported by air ambulance, receiving prehospital physi- 
ian care, and proportions of patients received by a trauma team. 
n explanation could be that starting the trauma treatment chain 
s the crux of geriatric trauma, not merely challenges with the sen- 
itivity of the triage tool. There might be an association between a 
umber of coexisting coincidences: Low-energy trauma does not 
ecessarily attract as much attention as high-energy trauma, geri- 
tric patients might present with no irregular vital signs [25,26] , 
nd the patients might have reduced cognitive abilities in conjunc- 
ion with preexisting conditions or as a consequence of the trauma. 
n addition, low-energy falls patients can present with low levels 
f pain complaints and some of them may not call for pre-hospital 
id. All this precludes the primary evaluation and make it hard to 
cknowledge the severity of the injury for both the caller and the 
ispatch center. 
There are both strengths and limitations to this study. First of 
ll, limitations are inherent to the retrospective design, which does 
ot allow for exploration of causal relationships, only associations. 
o our knowledge this is one of few studies describing epidemi- 
logy of geriatric trauma from a uniform national trauma system 
sing data from a national trauma registry with high patient cover- 
ge. Although the NTR has a high individual level coverage, mortal- 
ty calculations are not giving the full picture as not all prehospital 
eaths are registered. The NTR retrospectively include patients not 
et by a trauma team with NISS > 12. According to the sensitiv- 
ty of the national triage criteria we were able to include patients 
ith NISS ≥9 due to the low threshold for trauma team activation, 
ut patients not meeting inclusion criteria with a NISS between 
 and 12 might be underrepresented in the material. Undertriage, 
efined as no TTA for patients with Injury Severity Score > 15, is a 
ationally defined benchmark [33] , but despite this, only half of 
orwegian hospitals identified and reported undertriaged patients 
38] . Mainly these are hospitals with small patient volumes and 
he risk of bias is therefore limited. 
Improving patient safety and quality of care for vulnerable 
roups is one of the central aspects of trauma system develop- 
ent. Comprehensive analyses of the epidemiology of trauma are 
ecessary to ensure that the system is targeted, efficient, safe and 
esponsive to all age groups. As demonstrated in this study, signif- 
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cant differences in characteristics, management and outcome be- 
ween adult and geriatric patients exist in the Norwegian trauma 
ystem. As geriatric trauma incidence rates will continue to in- 
rease, improving outcome for this group might be rewarding both 
or the individual patient and society. Further exploration of the 
ifferences in trauma management of adult and geriatric patients 
s warranted. 
onclusion 
In this nationwide study geriatric patients were found to have 
n increased risk of severe injury, a higher mortality rate, receive 
ess frequently advanced prehospital treatment and transportation 
nd a lower trauma team activation rate, compared to adult pa- 
ients. Prehospital time was longer for geriatric patients, except for 
he most severely injured patients. This contrasts to the smaller 
ifferences observed in the proportions of patients transferred to 
rauma centers or receiving definitive care at trauma centers and 
ay reflect true differences in prehospital and in-hospital manage- 
ent of geriatric trauma patients. This is surprising in the setting 
f a Nordic country with free access to publicly funded emergency 
ervices, a nationally implemented trauma system with require- 
ents to pre- and in-hospital services and a national trauma reg- 
stry with high individual level coverage from all trauma-receiving 
ospitals. Future research should be directed at providing a deeper 
nderstanding of these differences. 
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34] Nasjonalt_traumeregister. Årsrapport. Oslo: oslo universitetssykehus; 2018. 
p. 2019 . 
35] Cameron PA , Gabbe BJ , Cooper DJ , Walker T , Judson R , McNeil J . A statewide
system of trauma care in Victoria: effect on patient survival. Med J Aust 
2008;189(10):546–50 . 
36] Uleberg O , Pape K , Kristiansen T , Romundstad PR , Klepstad P . Population-based
analysis of the impact of trauma on longer-term functional outcomes. Br J Surg 
2019;106(1):65–73 . 
37] Cuevas-Østrem M , Røise O , Wisborg T , Jeppesen E . Geriatric trauma – a rising
tide. assessing patient safety challenges in a vulnerable population using nor- 
wegian trauma registry data and focus group interviews: protocol for a mixed 
methods study. JMIR Research Protocols. 2020;9(4) . 
38] Jeppesen E , Cuevas-Ostrem M , Gram-Knutsen C , Uleberg O . Undertriage in
trauma: an ignored quality indicator? Scand J Trauma Resusc Emerg Med 
2020;28(1):34 . 
39] Ringdal KG , Coats TJ , Lefering R , Di Bartolomeo S , Steen PA , Roise O , et al. The
Utstein template for uniform reporting of data following major trauma: a joint 
revision by SCANTEM, TARN, DGU-TR and RITG. Scand J Trauma Resusc Emerg 
Med 2008;16:7 . 
40] Gennarelli TA , Wodzin E . The Abbreviated Injury Scale, Barrington, IL: Associ- 
ation for the Advancement of Automotive Medicine; 2005. Update 2008 . 
[41] Osler T , Baker SP , Long W . A modification of the injury severity score that both
improves accuracy and simplifies scoring. J Trauma 1997;43(6):922–5 discus- 
sion 5-6 . 
M. Cuevas-Østrem, O. Røise, T. Wisborg et al. Injury xxx (xxxx) xxx 
ARTICLE IN PRESS 











[  42] ASA Physical Status Classification System American Society of Anesthesiolo- 
gists; 2019 [updated 2019, October 23. Available from: https://www.asahq.org/ 
standards- and- guidelines/asa- physical- status- classification- system . 
43] Skaga NO , Eken T , Sovik S , Jones JM , Steen PA . Pre-injury ASA physical status
classification is an independent predictor of mortality after trauma. J Trauma 
2007;63(5):972–8 . 
44] Nasjonalt Traumeregister. Definisjonskatalog for Nasjonalt Traumeregister. Ver- 
sjon 1.7. Oslo Universitetssykehus HF, Oslo, 2019 [Available from: http://www. 
ntr-definisjonskatalog.no] . 
45] Kojima M , Endo A , Shiraishi A , Otomo Y . Age-Related characteristics and out-
comes for patients with severe trauma: analysis of Japan’s Nationwide Trauma 
registry. Ann Emerg Med 2019;73(3):281–90 . 
46] Herron J , Hutchinson R , Lecky F , Bouamra O , Edwards A , Woodford M ,
et al. The impact of age on major orthopaedic trauma: an analysis of the 
United Kingdom Trauma Audit Research Network database. Bone Joint J 
2017;99-B(12):1677–80 . 
[47] de Vries R , Reininga IHF , Pieske O , Lefering R , El Moumni M , Wendt K . Injury
mechanisms, patterns and outcomes of older polytrauma patients-An analysis 
of the Dutch Trauma Registry. PLoS ONE 2018;13(1):e0190587 . 10 48] Ackland HM , Pilcher DV , Roodenburg OS , McLellan SA , Cameron PA , Cooper DJ .
Danger at every rung: epidemiology and outcomes of ICU-admitted ladder-re- 
lated trauma. Injury 2016;47(5):1109–17 . 
49] Maiden MJ , Cameron PA , Rosenfeld JV , Cooper DJ , McLellan S , Gabbe BJ .
Long-term outcomes following severe traumatic brain injury in older adults: 
a Registry-based cohort study. Am J Respir Crit Care Med 2019 . 
50] Chang DC , Bass RR , Cornwell EE , Mackenzie EJ . Undertriage of elderly trauma
patients to state-designated trauma centers. Arch Surg 2008;143(8):776–81 
discussion 82 . 
[51] Nordgarden T , Odland P , Guttormsen AB , Ugelvik KS . Undertriage of major
trauma patients at a university hospital: a retrospective cohort study. Scand 
J Trauma Resusc Emerg Med 2018;26(1):64 . 
52] Sammy I , Lecky F , Sutton A , Leaviss J , O’Cathain A . Factors affecting mortal-
ity in older trauma patients-A systematic review and meta-analysis. Injury 
2016;47(6):1170–83 . 
